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HAND VACUUM PUMP WITH LINEAR 
PISTON ACTUATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not A licable PP 

STATEMENT RE: FEDERALLY SPONSORED 
RESEARCH/DEVELOPMENT 

(Not Applicable) 

BACKGROUND OF THE INVENTION 

The present invention relates generally to hand-held 
vacuum pumps, and more particularly to a vacuum pump 
having a rod end of a pivot lever thereof for substantially 
aXial movement of a piston rod. 

Some eXamples of prior art hand-held vacuum pumps are 
disclosed in US. Pat. Nos. 4,954,054 and 4,775,302. Such 
hand-held vacuum pumps generally include a housing struc 
ture having a cylinder formed therein. A piston is movable 
in slidable engagement With the cylinder for forming a 
vacuum chamber Within the housing structure. A port is 
provided to the vacuum chamber. The movement of the 
piston is actuated though the use of a piston rod Which 
eXtends axially from the piston as Well as the cylinder about 
the piston. Extending from the housing is typically a forWard 
handle. The vacuum pump additionally includes a pivot 
lever. The pivot lever includes a rod end, an opposing handle 
end and a central attachment point. The rod end is rotatably 
connected to the piston rod and the cental attachment point 
is rotatably connected to the housing. In this regard, a 
linkage is formed such that clasped engagement of the 
forWard handle and the handle end of the pivot lever causes 
a rotation or pivoting of the pivot lever about the central 
attachment point. This results in the piston end of the pivot 
lever moving in an arced path. While such an arced path 
includes a substantial aXial component along the piston rod 
for draWing the piston rod and attached piston, there is an 
inherent transverse component Which is undesirable. 

It is contemplated that transverse or lateral movement of 
the piston rod results in misalignment of the piston Within 
the cylinder. This can result in piston-to-cylinder seal prob 
lems thereby adversely affecting the ef?cient creation and/or 
maintenance of a vacuum Within the cylinder. Accordingly, 
there is a need in the art for an improved vacuum pump in 
comparison to the prior art. 

BRIEF SUMMARY OF THE INVENTION 

In accordance With an embodiment of the present 
invention, there is provided a hand-held vacuum pump. The 
vacuum pump is provided With a piston for draWing a 
vacuum. The vacuum pump is further provided With a piston 
rod having a piston end and a distal end. The piston end is 
attached to the piston. The vacuum pump is further provided 
With a pivot lever having a rod end, a handle end, and a pivot 
interface pivot interface disposed therebetWeen. The rod end 
is rotatably attached to the distal end of the piston rod. The 
vacuum pump is further provided With a pivot support 
having a support interface. The support interface and the 
pivot interface are cooperatively siZed and con?gured to 
translate the rod end of the pivot lever for substantially aXial 
movement of the piston rod upon rotation of the pivot lever 
about the support interface in response to actuation of the 
handle end of the pivot lever. 
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According to an aspect of the present invention, the pivot 

interface has at least tWo stepped pivot members. Further, 
the support interface has at least tWo stepped support mem 
bers Which are siZed and con?gured to sequentially cradle 
respective ones of the at least tWo stepped pivot members for 
rotating the pivot lever about the support interface. 

In an embodiment of the present invention, the support 
interface and the pivot interface are cooperatively siZed and 
con?gured to translate the rod end of the pivot lever along 
sequential arced paths associated With respective cradling of 
the stepped pivot members With the stepped support mem 
bers. It is contemplated that substantially aXial movement of 
the piston rod results upon rotation of the pivot lever about 
the support interface in response to actuation of the handle 
end of the pivot lever. In this regard, such arced paths are 
contemplated to merge into each other resulting in a sub 
stantially linear path in comparison to prior art single pivot 
point lever movement along a single arced path. Preferably, 
the at least tWo stepped support members comprises three 
stepped support members, and the at least tWo stepped 
support members comprises three stepped support members. 
Further, the stepped pivot members may be conveX 
V-shaped and the stepped support members may be concave 
V-shaped. In addition, the vacuum pump may include a 
forWard handle disposed in ?Xed relation to the pivot 
support for actuating the piston upon clasped engagement of 
the forWard handle and the handle end of the pivot lever 
toWards each other. The pivot support may be integrated 
With the forWard handle. Further, the pivot lever may include 
a rotational stop siZed and con?gured to engage the pivot 
support for preventing rotation of the pivot lever. 
As such, based on the foregoing, the present invention 

mitigates the inef?ciencies and limitations associated With 
prior art vacuum pump designs. Advantageously, the support 
interface and the pivot interface are speci?cally siZed and 
con?gured to translate the rod end of the pivot lever for 
substantially aXial movement of the piston rod. This is 
because the location about Which the pivot lever pivots or 
rotates is not ?Xed in relation to the pivot support, but rather 
multiple pivot locations may be realiZed. This in effect 
results in multiple arced paths or segments in Which the 
piston end of the pivot lever travels. Such arced paths are 
contemplated to merge into each other. In comparison to 
prior art designs having a single point of rotation, the design 
of the present invention results in less transverse or lateral 
movement of the piston end of the pivot lever. This effec 
tively breaks a single arced path into several shorter merging 
arced paths, Which forms a substantially straight path by 
comparison. 

Another advantage of the present invention is that the 
associated pivot lever may be reduced in siZing, thereby 
reducing the overall siZing the vacuum pump in general. 
This is because, the prior art single pivot point designs, the 
amount of transverse or lateral movement of the piston end 
of the pivot lever is a function of the distance from the pivot 
end to the pivot point. The shorter the distance (i.e., radius), 
the tighter the associated arc. As such, in order to achieve a 
certain maXimum transverse movement speci?cation, the 
pivot lever and associated single pivot point is required to be 
at least a certain siZe. The present invention has the effect of 
uncoupling the nature of any transverse motion aWay from 
the overall siZing of the pivot lever and toWards the con 
?guration of the pivot and support interfaces. This alloWs for 
comparative reduction in pivot lever siZing and therefore a 
reduction in the overall siZing of the vacuum pump itself. 

In addition, the use of the pivot interface and the support 
interface results in the aforementioned advantages Without 
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the utilization of additional moving parts in comparison to 
prior art single rotation point vacuum pump designs. In this 
respect, it is contemplated that various linkage arrangements 
could be implemented Which include additional moving 
parts betWeen a traditional single rotation point pivot lever 
and a piston, so as to facilitate mitigation of lateral or 
transverse forces being applied to the piston rod and piston 
arrangement. This Would include a rotational attachment of 
the piston rod to the piston. As such, undesirable costs are 
associated With such parts or connections, including assem 
bly thereof. Moreover, additional linkage elements tend to 
introduce tolerance and/or precision errors into the system 
associated With the controlled actuation of the movement of 
the piston rod. As the present invention avoids such prob 
lems as no additional moving linkage parts are required. 

Accordingly, the present invention represents a signi?cant 
advance in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These, as Well as other features of the present invention, 
Will become more apparent upon reference to the draWings 
Wherein: 

FIG. 1 is a cross-sectional side vieW of the hand-held 
vacuum pump of the present invention as shoWn With a pivot 
lever thereof in a forWard position; 

FIG. 2 is the vacuum pump of FIG. 1 With a piston end of 
the pivot lever rotated rearWard; 

FIG. 3 is the vacuum pump of FIG. 2 With a piston end of 
the pivot lever rotated rearWard; 

FIG. 4 is the vacuum pump of FIG. 3 With a piston end of 
the pivot lever rotated rearWard; 

FIG. 5 is an enlarged vieW of a support interface of the 
vacuum pump shoWn in FIG. 1; and 

FIG. 6 is an enlarged vieW of a stepped pivot interface of 
the vacuum pump shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to the draWings Wherein the shoWings are 
for purposes of illustrating a preferred embodiment of the 
present invention only, and not for purposes of limiting the 
same, FIGS. 1—6 illustrate the hand-held vacuum pump of 
the present invention. 

Referring noW to FIGS. 1—4 there is depicted a cross 
sectional vieW of a hand-held vacuum pump 10 in accor 
dance With the present invention. As Will be discussed in 
further detail beloW, FIGS. 1—4 sequentially an depict a pivot 
lever 26 in various rotational orientations. 
As depicted, the vacuum pump 10 includes a housing 12 

having a cylinder 14. The cylinder 14 is siZed and con?gured 
to concentrically receive a piston 16 (shoWn in phantom). 
The piston 16 is disposed in sealed slidable engagement With 
the cylinder 14. The cylinder 14 and the piston 16 coopera 
tively form a vacuum chamber 17. Axial movement of the 
piston 16 so as to enlarge the volume of the vacuum chamber 
17 is contemplated to create desired vacuum pressures. Such 
vacuum pressures may be vented via a vacuum port 19 
extending from the vacuum chamber 17. 

The cylinder 14 de?nes a longitudinal aXis 24. In order to 
ef?ciently maintain sealed slidable engagement betWeen the 
piston 16 and the cylinder 14 it is desirable that the piston 
16 is con?gured to translate along the longitudinal aXis 24. 
In this regard, it is desirable that any forces acting upon the 
piston be limited to those forces Which only include com 
ponents parallel, a more preferably along, the longitudinal 
aXis 24. 
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4 
As such, the vacuum pump 10 is provided With a piston 

rod 18 (partially shoWn in phantom). The piston rod 18 has 
a piston end 20 (shoWn in phantom) and a distal end 22. The 
piston rod 18 may be con?gured to eXtend along the longi 
tudinal aXis 24. The piston end 20 is connected to the piston 
16. 
The vacuum pump 10 is further provided With a pivot 

lever 26 having a rod end 28, a handle end 30, and a pivot 
interface 32 disposed therebetWeen. Although not required, 
the pivot lever 26 may conveniently be of a single piece 
construction Which may comprise a plastic, for eXample. 
The rod end 28 is rotatably attached to the distal end 22 of 
the piston rod 18. FIG. 6 depicts an enlarged vieW of the 
pivot interface 32 of FIG. 1. The vacuum pump 10 is further 
provided With a pivot support 34. The pivot support 12 may 
be attached and eXtend from the housing 12 as shoWn. FIG. 
5 depicts an enlarged vieW of the support interface 36 of 
FIGS. 1. Further, the support interface 36 and the pivot 
interface 32 are cooperatively siZed and con?gured to trans 
late the rod end 28 of the pivot lever 26 for substantially 
aXial movement of the piston rod 18 upon rotation of the 
pivot lever 26 about the support interface 36 in response to 
actuation of the handle end 30 of the pivot lever 26. As used 
herein, substantially aXial movement refers to movement 
Which includes a less of a transverse or lateral component in 
relation to the longitudinal aXis 24 in comparison to a single 
point of rotation arrangement of the pivot lever 26. Suitable 
placements and con?gurations of the support interface 36 
and the pivot interface 32 may be chosen from those method 
and techniques, such as through the application of traditional 
kinematic principals, Which are Well knoWn to one of 
ordinary skill, including those familiar With cam technology. 

According to an embodiment of the present invention, the 
pivot interface 32 includes at least tWo stepped pivot mem 
bers 40. As shoWn three stepped pivot members 40 (denoted 
40a, 40b and 40c). Preferably, the stepped pivot members 40 
are conveX V-shaped. Further, the tip of such V-shape is 
preferably rounded. The support interface 36 includes at 
least tWo stepped support members 42. As shoWn, three 
stepped support members 42 (denoted 42a, 42b and 42c). 
Preferably, the stepped support members 42 are concave 
V-shaped. Further, the tip of such V-shape is preferably 
rounded. Each of the stepped support members 42 corre 
spond to each of the stepped pivot members 40. Although 
not required, the support interface 36 may be integrally 
formed With the housing 12 and may conveniently comprise 
a plastic, for eXample. 
The stepped support members 42 are siZed and con?gured 

to sequentially cradle respective ones of the stepped pivot 
members 40 for rotating the pivot lever 26 about the support 
interface 36. As such, the support interface 36 and the pivot 
interface 32 may be cooperatively siZed and con?gured to 
translate the rod end 28 of the pivot lever 26 along sequential 
arced paths associated With respective cradling of the 
stepped pivot members 40 With the stepped support mem 
bers 42 for substantially aXial movement of the piston rod 
18. It is contemplated that such arced paths merge to form 
an overall substantially linear path. Moreover, it is contem 
plated that increasing the number of the stepped pivot 
members 40 and the stepped support members 42 Would 
tend to smoothen the resulting path. 

FIGS. 1—4 sequentially depict the pivot lever 26 in various 
rotational orientations. As can be seen in FIG. 1, the piston 
16 is disposed in a leftmost position. The stepped pivot 
member 40a is cradled by the stepped support member 42a. 
It is understood that rotation of the pivot lever 26 from this 
position results in slidable rotation of the stepped pivot 
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member 40a With the stepped support member 42a. In this 
regard, such rotation of the pivot lever 26 initially begins 
adjacent the interface betWeen the stepped pivot member 
40a and the corresponding stepped support member 42a. 
Referring noW to FIG. 2, as can be seen the pivot lever 26 
is shoWn to be rotated clockwise With respect to the orien 
tation as shoWn in FIG. 1. The sole engagement betWeen the 
stepped pivot member 40a and the stepped support member 
42a as shoWn in FIG. 1 transitions to include respective 
engagements betWeen the stepped pivot member 40b and the 
stepped pivot member 42b. As such, the pivot or rotation 
point of the pivot lever 26 for a given angular orientation of 
the pivot lever 26 shifts or transitions With the respective 
engagements of the stepped pivot members 40a—c and 
stepped pivot member 42a—c. In this regard, FIGS. 3 and 4 
sequentially depict such shifts or transitions of engagements 
betWeen the stepped pivot members 40b and 40c and 
stepped pivot members 42b and 42c. Accordingly, such 
transitions are contemplated to result in a cam-like interac 
tion betWeen the pivot lever 26 and the pivot support 34, and 
more particularly, betWeen the pivot interface 32 and the 
support interface 36. Thus, the pivot interface 32 and support 
interface 36 are particularly con?gured such that the pivot or 
rotation point of the pivot lever 26 is a function of its angular 
orientation. 

In addition, the vacuum pump 10 may further include a 
forWard handle 38 Which is disposed in ?xed relation to the 
pivot support 34. The forWard handle 38 may conveniently 
be integrated With and eXtend from the pivot support 34 as 
Well as the housing 12. In actuating the vacuum pump 10, 
and in particular the piston 16 thereof, a user may simulta 
neously hold the forWard handle 38 and the handle end 30 
of the pivot lever 26 in clasped engagement toWards each 
other. 

In addition, the pivot lever 26 further includes a rotational 
stop 44 siZed and con?gured to prevent rotation of the pivot 
lever 26 as depicted in FIG. 4. In this regard, the pivot 
support 34 may be provided With a stopping surface 46. The 
rotational stop may be siZed and con?gured to engage the 
pivot support, and in particular the stopping surface 46, for 
preventing rotation of the pivot lever 26. 

Additional modi?cations and improvements of the 
present invention may also be apparent to those of ordinary 
skill in the art. Thus, the particular combination of parts 
described and illustrated herein is intended to represent only 
one embodiment of the present invention, and is not 
intended to serve as limitations of alternative devices Within 
the spirit and scope of the invention. 
What is claimed is: 
1. A hand-held vacuum pump comprising: 

a piston for draWing a vacuum; 
a piston rod having a piston end and a distal end, the 

piston end being attached to the piston; 
a pivot lever having a rod end, a handle end, and a pivot 

interface disposed therebetWeen, the rod end being 
rotatably attached to the distal end of the piston rod; 
and 

a pivot support having a support interface, the support 
interface being cooperatively siZed and con?gured With 
the pivot interface to translate the rod end of the pivot 
lever in substantially aXial movement of the piston rod 
upon rotation of the pivot lever about the support 
interface in response to actuation of the handle end of 
the pivot lever, Wherein the pivot interface has at least 
tWo stepped pivot members, and the support interface 
has at least tWo stepped support members siZed and 
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6 
con?gured to sequentially cradle respective ones of the 
at least tWo stepped pivot members for rotating the 
pivot lever about the support interface. 

2. The hand-held vacuum pump of claim 1 Wherein the 
support interface and the pivot interface are cooperatively 
siZed and con?gured to translate the rod end of the pivot 
lever along sequential arched paths associated With respec 
tive cradling of the stepped pivot members With the stepped 
support members for substantially aXial movement of the 
piston rod upon rotation of the pivot lever about the support 
interface in response to actuation of the handle end of the 
pivot lever. 

3. The hand-held vacuum pump of claim 1 Wherein the at 
least tWo stepped support members comprises three stepped 
support members, and the at least tWo stepped support 
members comprises three stepped support members. 

4. The hand-held vacuum pump of claim 1 Wherein the 
stepped pivot members are conveX V-shaped. 

5. The hand-held vacuum pump of claim 1 Wherein the 
stepped support members are concave V-shaped. 

6. The hand-held vacuum pump of claim 1 vacuum pump 
further includes a forWard handle disposed in ?Xed relation 
to the pivot support for actuating the piston upon clasped 
engagement of the forWard handle and the handle end of the 
pivot lever toWards each other. 

7. The hand-held vacuum pump of claim 6 Wherein the 
pivot support is integrated With the forWard handle. 

8. A hand-held vacuum pump comprising: 
a piston for draWing a vacuum; 
a piston rod having a piston end and a distal end, the 

piston end being attached to the piston; 
a pivot lever having a rod end, a handle end, and a pivot 

interface disposed therebetWeen, the rod end being 
rotatably attached to the distal end of the piston rod 
Wherein the pivot lever further includes a rotational 
stop siZed and con?gured to prevent rotation of the 
pivot lever; and 

a pivot support having a support interface, the support 
interface being cooperatively siZed and con?gured With 
the pivot interface to translate the rod end of the pivot 
lever in substantially aXial movement of the piston rod 
upon rotation of the pivot lever about the support 
interface in response to actuation of the handle end of 
the pivot lever. 

9. The hand-held vacuum pump of claim 8 Wherein the 
rotational stop is siZed and con?gured to engage the pivot 
support for preventing rotation of the pivot lever. 

10. A hand-held vacuum pump comprising: 
a piston for draWing a vacuum; 
a piston rod having a piston end and a distal end, the 

piston end being attached to the piston; 
a pivot lever having a rod end, a handle end, and a pivot 

interface disposed therebetWeen, the rod end being 
rotatably attached to the distal end of the piston rod, the 
pivot interface having at least tWo stepped pivot mem 
bers; and 

a pivot support having a support interface, the support 
interface having at least tWo stepped support members 
siZed and con?gured to sequentially cradle respective 
ones of the at least tWo stepped pivot members for 
rotating the pivot lever about the support interface; and 

Wherein the support interface and the pivot interface are 
cooperatively siZed and con?gured to translate the rod 
end of the pivot lever in substantially aXial movement 
of the piston rod upon rotation of the pivot lever about 
the support interface in response to actuation of the 
handle end of the pivot lever. 
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11. The hand-held vacuum pump of claim 10 wherein the 
support interface and the pivot interface are cooperatively 
siZed and con?gured to translate the rod end of the pivot 
lever along sequential arced paths associated With respective 
cradling of the stepped pivot members With the stepped 
support members for substantially aXial movement of the 
piston rod upon rotation of the pivot lever about the support 
interface in response to actuation of the handle end of the 
pivot lever. 

12. The hand-held vacuum pump of claim 10 Wherein the 
at least tWo stepped pivot members comprises three stepped 
pivot members, and the at least tWo stepped support mem 
bers comprises three stepped support members. 

13. The hand-held vacuum pump of claim 10 Wherein the 
stepped pivot members are conveX V-shaped. 

14. The hand-held vacuum pump of claim 10 Wherein the 
stepped support members are concave V-shaped. 
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15. The hand-held vacuum pump of claim 10 vacuum 

pump further includes a forWard handle disposed in ?xed 
relation to the pivot support for actuating the piston upon 
clasped engagement of the forWard handle and the handle 
end of the pivot lever toWards each other. 

16. The hand-held vacuum pump of claim 15 Wherein the 
pivot support is integrated With the forWard handle. 

17. The hand-held vacuum pump of claim 10 Wherein the 
pivot lever further includes a rotational stop siZed and 
con?gured to prevent rotation of the pivot lever. 

18. The hand-held vacuum pump of claim 17 Wherein the 
rotational stop is siZed and con?gured to engage the pivot 
support for preventing rotation of the pivot lever. 

* * * * * 


